In-hospital and 30-day postoperative mortality rates were low in the three studies. Researchers reported one death among 61 participants in the intervention groups, and three deaths among 61 participants in the control groups (RR 0.47, 95% CI 0.07 to 2.96). The quality of evidence for this outcome is low.
Investigators describe more successful quitters at the end of the intervention programme than among controls. Forty-one out of 70 participants in the intervention groups successfully quit drinking compared with only five out of 70 participants in the control groups (RR 8.22, 95% CI 1.67 to 40.44). The quality of evidence for this outcome is moderate.
All three studies reported postoperative alcohol consumption (grams of alcohol/week) at the end of the programme as median and range values; therefore it was not possible to estimate the mean and the standard deviation (SD). We performed no meta-analysis. All three studies reported length of stay, and none of these studies described a significant difference in length of stay. Data were insufficient for review authors to perform a meta-analysis. No studies reported on the prevalence of participants without risky drinking in the longer term.
Authors' conclusions
This systematic review assessed the efficacy of perioperative alcohol cessation interventions for postoperative complications and alcohol consumption. All three studies showed a significant reduction in the number of participants who quit drinking alcohol during the intervention period. Intensive alcohol cessation interventions offered for four to eight weeks to participants undergoing all types of surgical procedures to achieve complete alcohol cessation before surgery probably reduced the number of postoperative complications. Data were insufficient for review authors to assess their effects on postoperative mortality. No studies reported an effect on length of stay, and no studies addressed the prevalence of risky drinking in the longer term.
Included studies were few and reported small sample sizes; therefore one should be careful about drawing firm conclusions based on these study results. All three studies were conducted in Denmark, and most participants were men. The included participants may represent a selective group, as they could have been more motivated and/or more interested in participating in clinical research or otherwise different, and effects may have been overestimated for both intervention and control groups in these studies. Trial results indicate that these studies are difficult to perform, that strong research competencies are necessary for future studies, and that further evaluation of perioperative alcohol cessation interventions in high-quality randomized controlled trials is needed. Once published and assessed, the one 'ongoing' study identified may alter the conclusions of this review.
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Effects of perioperative alcohol cessation interventions on postoperative complications following surgery
Review question
We assessed the evidence from randomized controlled trials to determine whether not drinking alcohol during the perioperative period reduces postoperative complications for people with risky alcohol consumption. These programmes supported participants in quitting drinking or in reducing their alcohol consumption before, during, and after surgery. 'Risky drinking' was defined as alcohol consumption Cochrane Database of Systematic Reviews equivalent to more than 3 alcoholic units (three small glasses of wine) per day or 21 units per week -with or without alcohol abuse or dependency. Most clinical studies report that consuming this amount of alcohol increases postoperative complication rates.
Background
Risky consumption of alcohol is a global problem, and alcohol is an important threat to world health. More than 3.3 million deaths annually are associated with risky use of alcohol, and global alcohol consumption continues to increase. People who have a high level of alcohol consumption often require planned and emergency surgical procedures.
Risky drinking affects surgical outcomes -even when the disease is not alcohol related. Typical surgical complications include infections, heart and breathing problems, and bleeding episodes. Alcohol causes disorders of the liver, pancreas, and nervous system. Stopping drinking of alcohol can normalize these organ systems to some degree and may reduce the occurrence of complications after surgery. Quitting drinking can result in mild to severe alcohol withdrawal symptoms and may lead to a change in lifestyle.
This review was first published in 2012 and was updated in 2018.
Search date
The evidence is current to 21 September 2018.
Study characteristics
We included three randomized controlled trials with a total of 140 participants. All three studies included participants with risky alcohol intake (3 to 40 AU daily) who were in need of surgery. These studies investigated intensive alcohol interventions aimed at complete alcohol cessation at the time of surgery compared with no intervention. Interventions included educational strategies for alcohol withdrawal and relapse prevention. Programmes were started three months before surgery, four weeks before surgery, and from the time of admission to surgery, and continued for six weeks after surgery, respectively.
Quality of the evidence
The quality of the evidence is of moderate to low quality.
Key results
In all three studies, intensive intervention programmes clearly increased the number of participants who quit drinking alcohol. The occurrence of postoperative complications appeared to be reduced as well. Of 61 participants in the intervention groups, 20 had complications requiring treatment, compared with 33 of 61 participants in the control groups (moderate-quality evidence). Of 70 participants in the intervention groups, 41 successfully quit drinking, compared to five of 70 participants in the control groups (moderate-quality evidence). Data were insufficient to show the effect of quitting drinking on the number of deaths (low-quality evidence), and results show no effect on length of hospital stay. None of the included studies reported on the number of participants who continued to avoid risky drinking in the longer term (at three-, six-, nine-, and 12-month follow-up).
Included studies were few and reported small sample sizes; therefore one should be careful about drawing firm conclusions based on these results. All three studies were conducted in Denmark, and most participants were men. The included participants may represent a selective group, as they could be more motivated and/or more interested in participating in clinical research or otherwise different, and effects may therefore have been overestimated for both intervention and control groups in these studies. More research is needed and new strategies are required to improve outcomes after surgery among risky drinkers. Cochrane Database of Systematic Reviews
B A C K G R O U N D
Description of the condition
Evidence is sufficient to show that alcohol is a significant threat to world health (GBD 2015; WHO 2014) . Worldwide, harmful use of alcohol is linked to 3.3 million deaths per annum, and global alcohol consumption continues to increase (WHO 2014). In Europe, the prevalence of patients in surgical settings with a high level of alcohol consumption has been reported to range from 7% to 49% for patients undergoing elective surgical procedures, and from 14% to 38% for those undergoing emergency surgical procedures (Kip 2008; Tønnesen 2003) .
Risky drinking affects human physiology in several ways, even in the absence of end-stage disease. In addition to the well-known alcohol-induced disorders of the liver, pancreas, and nervous system, risky drinking affects cardiac function, immune capacity, haemostasis, and endocrine stress responses (Spies 2001). Subclinical cardiac insufficiency and arrhythmias are common among risky drinkers (Tønnesen 1992b), and both are important risk factors for the development of postoperative complications. Reduced immune capacity is found in most patients drinking 3 or more alcohol units (AU) per day (Tønnesen 2003) . This has been explained by suppressed cellular elements of the immune system and suppression of delayed-type hypersensitivity reaction (DHT) (Tønnesen 2009). For surgical patients, the poor DHT response is further suppressed by surgical trauma per se, and the result may be a compromised postoperative immune system (Spies 2004). Prolonged bleeding time and an increased endocrine stress response during surgery are other pathophysiological mechanisms that may contribute to increased complication rates among patients with high consumption of alcohol (Tønnesen 1999). Increased endocrine stress can be identified by increased epinephrine, norepinephrine, and cortisol blood levels (Spies 2004; Tønnesen 1999a).
Preoperative alcohol-induced organ dysfunction adds to the burden of the disease requiring surgery, and to the stress response caused by the surgical procedure itself. This may result in a poor surgical outcome. The postoperative complication rate is increased by about 50% at an intake of more than 2 to 3 AU/d (28 grams/unit per day) (Eliasen 2013; Rubinsky 2013). The complication rate for patients drinking more than 5 AU/d is increased by 300%. Typical postoperative complications include infections, cardiopulmonary complications, and bleeding episodes (Tønnesen 2003). To some extent, abstinence may reverse alcohol-induced pathophysiological processes, and postoperative complications might be preventable with perioperative alcohol cessation (Tønnesen 1999a; Tønnesen 2003) .
Unhealthy alcohol intake comprises a continuum ranging from risky drinking over alcohol abuse and moderate addiction to complicated addiction with alcohol hallucinations, delirium, and withdrawal seizures. This continuum is also reflected in the clinical setting and in the literature. Definitions have changed several times during the last decades, and it is a challenge to categorize high alcohol intake according to different criteria. The International Classification of Diseases and Related Health Problems, Tenth Edition (ICD-10), defines dependency as three of six symptoms within 12 months (The ICD-10 Classification, 1993); the previous Diagnostic and Statistical Manual of Mental Disorders (DSM) requires three of seven symptoms (DSM-4 1994) ; and the updated version of the DSM has changed the terminology to 'addiction' and has included it in a broader definition of substance or alcohol use disorder defined by two of 11 symptoms (DSM-5 2013) . In October 2017, the ICD-10 Clinical Modification was updated with new coding for a new classification including modifiers (mild, moderate, and severe, as well as early and sustained remission). Furthermore, risky drinking could be defined as consumption just above the limits defined by health authorities, but these limits have also changed over time and differ from country to country. In addition, questionnaires such as the Alcohol Use Disorders Identification Test (AUDIT) (Babor 2001), the CAGE questionnaire (acronym for four questions -Cut down, Annoyed, Guilty, and Eye opener) (Ewing 1984) , and the Michigan Alcoholism Screening Test (MAST) have provided their own definitions (Selzer 1971).
As a surgical risk factor and in this review, 'risky drinking' is defined as any alcohol consumption equivalent to more than 3 AU/d or 21 AU/week (with 1 AU equating to 12 grams of ethanol) -with or without symptoms of alcohol abuse or dependency. This corresponds to the amount of alcohol associated with increased postoperative complication rates in most clinical studies (Eliasen 2013; Rotevatn 2017; Tønnesen 2009).
Description of the intervention
Cochrane Reviews on treatment of alcohol dependence evaluate pharmacological and psychosocial interventions and show some efficacy for benzodiazepine for treatment of alcohol withdrawal (Amato 2010), and for acamprosate and opioid antagonists for treatment of alcohol dependence (Rösner 2010a; Rösner 2010b). Anticonvulsants have not been found efficient for treatment of alcohol withdrawal (Minozzi 2010). Disulfiram has shown some effect on short-term abstinence and days until relapse (Jørgensen 2011).
Brief alcohol interventions include advice and a short intervention with, or without, pharmacological strategies. They are often based on motivational interviewing techniques and generally aim for reduced alcohol intake and to some degree alcohol cessation. Two Cochrane Reviews have reported that these interventions are effective in reducing alcohol intake among patients in primary care and in general hospital populations (Kaner 2007; McQueen 2009 ).
In the surgical setting, perioperative alcohol cessation interventions vary in intensity and timing (Egholm 2017; Shourie 2006; Tønnesen 1999a; Tønnesen 2015) . Intensive interventions last from four to eight weeks and aim to achieve complete alcohol cessation before surgery. They are comparable to the gold standard intervention programmes for smoking cessation (Rasmussen 2017). Intensive alcohol cessation interventions include empowerment of the patient, information and recommendations, treatment of alcohol withdrawal, relapse prophylaxis supported by pharmacological strategies, and follow-up provided by experienced sta . The potential effect of perioperative alcohol cessation interventions on postoperative complications is related to (1) their effect on alcohol consumption and (2) the timing and intensity of the interventions (Tønnesen 2009).
The surgical setting is characterized by a fixed operation date, a relatively short period before surgery, and a minimum length of hospital stay; therefore alcohol cessation intervention programmes in this setting must be very effective.
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This challenge also applies to acute surgery, where there is no time for intervention before surgery -unless it is possible to postpone surgery until the intervention has been completed.
How the intervention might work
Abstinence from alcohol may to some degree reverse the pathophysiological processes seen among risky drinkers (Tønnesen 2003) . Preoperative abstinence from alcohol has been shown to significantly reduce the incidence of arrhythmia during the postoperative period (Tønnesen 1999). Two weeks of abstinence from alcohol significantly improves DHT, and after eight weeks, DHT has been shown to be normalized (Tønnesen 1992a). The prolonged bleeding time seen in the perioperative period is also reversible, and four weeks of abstinence from alcohol improves the stress response to surgery (Tønnesen 1999a).
The relatively short period of abstinence required to normalize dysfunctioning organ systems among patients with risky intake of alcohol may explain the beneficial effects of alcohol cessation interventions on postoperative complication rates.
Quitting drinking may be followed by inconvenience caused by the change in lifestyle itself or by side effects of mild or severe alcohol withdrawal symptoms. An intensive intervention programme includes pharmacological support for prevention of withdrawal symptoms along with prescribing of vitamin B. Vitamin B deficiency occurs during drinking but is seldom diagnosed until an individual has quit drinking.
Why it is important to do this review
Elective surgery often allows time for preoperative lifestyle interventions, whereas acute surgery is characterized by very short or no preoperative time for lifestyle interventions. In this review, the perioperative period is defined as preoperative, intraoperative, and postoperative times related to surgery.
This review maps out the evidence on alcohol cessation interventions in the surgical setting and describes their effects on postoperative complications. Without a rigorous review of the evidence for, and against, these interventions, the danger is that they will be adopted without providing clear benefit for patients. On the other hand, if the effectiveness of perioperative alcohol cessation interventions can be established, they may provide an effective approach for reducing postoperative complication rates and should then be routinely applied.
Perioperative screening provides not only an opportunity to identify which patients qualify for preventive perioperative interventions, but also an opportunity to screen large and diverse patient populations for risky drinking (Kip 2008). Perioperative alcohol screening, followed by effective alcohol cessation interventions, may play an important role in preventing the severe consequences of alcohol use disorder (AUD) and thereby may contribute to other health benefits (Kip 2008). Still, although a large number of patients are screened and found to be at risk, alcohol cessation interventions are seldom routinely applied (Wåhlin 2014).
O B J E C T I V E S
To assess the effects of perioperative alcohol cessation interventions on rates of postoperative complications and alcohol consumption.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included randomized controlled trials (RCTs) evaluating the effects of pharmacological and psychosocial perioperative alcohol cessation interventions on postoperative complications or postoperative alcohol consumption, or both.
Types of participants
We included studies involving participants with risky drinking who were undergoing all types of surgical procedures under general anaesthesia, regional anaesthesia, or sedation, who were given a perioperative alcohol cessation or control intervention. We included studies of participants undergoing elective or acute surgery.
(We define 'risky drinking' as alcohol consumption equivalent to more than 3 alcoholic units (AU)/d or 21 AU/week (with 1 AU equating to 12 grams of ethanol)).
Types of interventions
All interventions of interest were pharmacological and psychosocial alcohol cessation interventions, provided in relation to a surgical procedure for the purpose of stopping or reducing alcohol consumption. Among elective surgical patients, the interventions began in due time preoperatively, and among acute surgical patients, the interventions took place immediately before or after surgery and continued during the postoperative period. We considered both brief and intensive interventions, including interventions with pharmacological strategies for alcohol withdrawal and relapse prophylaxis. Control groups included surgical patients receiving treatment as usual (TAU) including an assessment of their alcohol history.
Types of outcome measures
Primary outcomes
1. Any type of postoperative complication (e.g. wound-related complication, secondary surgery, cardiopulmonary complication, admission to intensive care) defined by the need for treatment 2. In-hospital and 30-day postoperative mortality
Secondary outcomes
1. Successful quitters (number of abstainers) at the end of the programme 2. Postoperative alcohol consumption (grams of alcohol/week) at the end of the programme 3. Length of hospital stay (LOS) 4. Prevalence of participants without risky drinking over the long term (three-, six-, nine-, and 12-month follow-up)
We reported postoperative risky drinking based on the number of AUs consumed per day. Alcohol consumption was self-reported with or without validation (by interview, breath test, or alcohol markers). We reported alcohol consumption at the end of the intervention as both number of successful abstainers and grams of alcohol consumed.
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We reported LOS in number of days from admission to discharge. For patients who were readmitted because of complications during the follow-up period, we calculated the total number of hospital days.
Search methods for identification of studies
Electronic searches
For this updated review, we identified RCTs through a literature search based on systematic and sensitive search strategies, as outlined in Chapter 6.4. of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We did not apply restrictions to language or publication status.
We searched the following databases for relevant trials. We developed a subject-specific search strategy for MEDLINE and used this as the basis for search strategies employed in searching the other listed databases. When appropriate, we expanded the search strategy by including search terms for identifying RCTs.
We scanned the following trials registries for ongoing and unpublished trials (September 2018).
World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP). 2. ClinicalTrials.gov.
We developed the search strategy in consultation with an Information Specialist.
Searching other resources
We scanned the reference lists and citations of included trials and scanned identified relevant systematic reviews for further references to identify additional trials in September 2018.
When necessary, we contacted trial authors to ask for additional information.
Data collection and analysis
Selection of studies
The PRISMA flow diagram in Figure 1 summarizes our screening and selection process. Three review authors (JE, HT, and JA) independently scanned the titles and abstracts of reports identified by the search. We retrieved and evaluated potentially relevant studies, chosen by at least one review author, using full-text versions. If necessary, we contacted trial authors to clarify a study's eligibility. The same review authors examined the full texts of all remaining articles and made a joint decision regarding inclusion. We have listed the studies formally considered and excluded along with reasons for exclusion in the Characteristics of excluded studies table.
Data extraction and management
Two review authors (JWE and CBJ) independently performed data extraction using a tool based on guidance provided in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We resolved disagreements by discussion. When required, we obtained additional information through collaboration with the original trial author.
Assessment of risk of bias in included studies
We evaluated the quality of included trials. To avoid potential bias, we (JE, HT, and CBJ) independently evaluated the included studies and resolved disagreements by discussion until we reached consensus.
To enable us to draw conclusions about the overall risk of bias for an outcome, we evaluated domains such as random sequence generation, allocation concealment, blinding, incomplete outcome data, and selective outcome reporting, as well as recruitment, follow-up rates, and other sources of bias. Any assessment of overall risk of bias involved consideration of the relative importance of different domains (Higgins 2011).
Some domains affect the risk of bias across outcomes in a study, for example, random sequence generation and allocation concealment; others, such as blinding and incomplete outcome data, may have different importance for different outcomes within a study. Thus, the risk of bias is not the same for all outcomes in a study (Higgins 2011). We defined trials as having low risk of bias only if they adequately fulfilled the criteria listed in the Cochrane Handbook for Systematic Reviews of Interventions. We have presented our risk of bias judgements in a 'Risk of bias summary' figure (Higgins 2011).
We performed summary assessments of the quality of evidence for each important outcome using the GRADE approach (Guyatt 2008; Guyatt 2011), which includes four levels of quality of evidence (high, moderate, low, and very low).
We assessed risk of bias in these domains according to the criteria described in Appendix 5.
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Measures of treatment e ect
For the primary outcomes -postoperative complications, in-hospital and 30-day mortality -we calculated risk ratios (RRs) with 95% confidence intervals (CIs) for dichotomous data (binary outcome). We also did this for the secondary outcomes -successful quitters (number of abstainers) at the end of the programme, prevalence of participants without risky drinking in the longer term (three-, six-, nine-, and 12-month follow-up).
For continuous data, we reported the secondary outcomes -length of stay (LOS), postoperative alcohol consumption (grams of alcohol/week) at the end of the programme -as mean differences (MDs).
We reported postoperative alcohol consumption at the end of the intervention as the number of successful abstainers and grams of alcohol consumed, as well as the number of AUs consumed per day -with or without validation (by interview, breath test, or alcohol markers) (with outcomes reported as RRs).
Unit of analysis issues
The present review presents no issues related to unit of analysis, as we have included only individually randomized trials, and the outcome of interest was the number of participants with complications. If results were given as the number of complications, we contacted study authors to request additional information. If study results included more relevant interventions, we divided the number of participants in the control group between the intervention groups.
Dealing with missing data
We contacted the authors of included studies regarding missing data. When we found that data were missing and study authors were not accessible, we calculated missing statistics (such as standard deviations (SDs)) from other quoted statistics (such as standard errors (SEs) or confidence intervals (CIs)). However, the included studies insufficiently reported some outcomes and did not include SD, SE, or CI, but only range; therefore it was not possible for review authors to include these outcomes in a meta-analysis.
We adhered to the intention-to-treat (ITT) principle as far as possible. We analysed data from all participants according to the groups to which they were randomized. We reported available details in full if participants were excluded after allocation or withdrew from the trial.
Assessment of heterogeneity
We assessed clinical heterogeneity by comparing the distribution of important participant factors across trials, including age, gender, and characteristics of interventions. We assessed statistical heterogeneity by examining the I statistic (Higgins 2002), which is a quantity that describes the proportion of variation in point estimates that is due to heterogeneity rather than to sampling error. We interpreted values of the I statistic according to guidance provided in the Cochrane Handbook for Systematic Reviews of interventions (Higgins 2011).
1. 0% to 40%: might not be important. 2. 30% to 60%: may represent moderate heterogeneity. 3. 50% to 90%: may represent substantial heterogeneity. 4. 75% to 100%: shows considerable heterogeneity.
In cases of excessive clinical heterogeneity, we performed no statistical analyses to pool trial results. Clinical heterogeneity included types of interventions, outcome measures reported, and methodological quality.
Assessment of reporting biases
We searched for trial protocols of the included trials to assess whether outcome reporting seemed to be sufficiently complete and transparent. In the review protocol (Oppedal 2010) , we stated that we would use a funnel plot analysis to examine publication bias. However, as our review included only three studies, we did not produce a funnel plot.
Data synthesis
We entered data from all trials included in the systematic review into Review Manager 5 (Review Manager 2014). We used random-effects models because of expected large heterogeneity between studies regarding interventions, participants, and types of surgery. The outcomes of postoperative complications, 30-day mortality, and successful quitters were dichotomous, and we pooled results as risk ratios (RRs). We calculated 95% CIs for each estimated effect size, using Mantel-Haenszel (MH) for dichotomous outcomes. We did not pool the outcomes of postoperative alcohol consumption (grams of alcohol per week) and length of stay (days in hospital), as they were reported as median and range values.
Subgroup analysis and investigation of heterogeneity
We planned to conduct subgroup analyses when data were available, as recommended in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We planned to compare:
1. different types of surgery (e.g. orthopaedic surgery, general surgery); and 2. intensive alcohol cessation interventions and brief interventions.
However, this review included too few trials to enable performance of subgroup analyses.
Sensitivity analysis
We planned to perform sensitivity analyses, when possible, to explore risk of bias. However, data were sparse, and we were not able to conduct these analyses.
'Summary of findings' table and GRADE
We developed a 'Summary of findings' Cochrane Database of Systematic Reviews and for comparison of our four secondary outcomes:
1. successful quitters (number of abstainers) at the end of the programme; 2. postoperative alcohol consumption (grams of alcohol/week) at the end of the programme; 3. length of stay (LOS); and 4. prevalence of participants without risky drinking in the longer term (three-, six-, nine-, and 12-month follow-up).
Methods used to assess the quality of evidence for outcomes
One review author (JE) initially evaluated the quality of evidence using the GRADE approach; remaining members of the review author group then discussed the quality of evidence ratings for each outcome until we reached consensus. We took the following factors into account: risk of bias, inconsistency of results, indirectness of evidence, imprecision of results, and publication bias. We assessed the quality of evidence for each of our six outcomes.
This review includes only RCTs, and we downgraded the evidence for each outcome from high-quality by one level when considering a serious limitation, or by two levels when considering the issue to be a very serious limitation. In Summary of findings for the main comparison, we justified our decisions and described in the footnotes whether we had downgraded the quality of evidence, or if we had decided not to downgrade the quality of evidence.
R E S U L T S
Description of studies
See Characteristics of included studies and Characteristics of excluded studies.
Results of the search
The electronic search yielded 4426 references, along with eight additional records identified through other sources that we imported for screening: 704 were duplicates. Therefore, we screened 3730 potentially relevant studies by reviewing titles and abstracts. After completing this review, we excluded 3703 studies, leaving 27 potentially relevant studies (see Figure 1 ).
Included studies
We identified three eligible studies for inclusion in this review (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) . We included in the review data from these studies, involving 140 participants at entry. We described study characteristics in the Characteristics of included studies section.
Setting and participants
All three studies were conducted in Denmark (Egholm 2017; Tønnesen 1999a; Tønnesen 2002). The first study included 42 participants undergoing colorectal resection (Tønnesen 1999a). The second study included 28 participants undergoing elective hip arthroplasty (Tønnesen 2002), and the third study included 70 participants undergoing acute ankle fracture surgery (Egholm 2017). All three studies aimed to recruit adult women and men aged 18 years and over.
Screening
All three included studies used self-reported alcohol consumption to identify eligible participants (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) .
In Egholm 2017, the eligibility criterion was weekly alcohol consumption of a minimum of 252 grams. In Tønnesen 1999a, the eligibility criterion was daily alcohol consumption exceeding 60 grams/ d. In Tønnesen 2002, the eligibility criterion was alcohol consumption exceeding 60 grams/d or 420 grams/week.
Control
All three studies defined control as treatment as usual (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) . However, the control intervention involved a detailed assessment of the participant's alcohol history.
Interventions
The three included studies evaluated effects of intensive alcohol cessation interventions, including pharmacological strategies for alcohol withdrawal and relapse prophylaxis (Egholm 2017; Tønnesen 1999a; Tønnesen 2002).
In Egholm 2017, researchers provided the intervention for the purpose of achieving six weeks of postoperative alcohol cessation supported by disulfiram 400 mg/week, of which 200 mg was taken under supervision, and 200 mg without supervision. They offered chlordiazepoxide for withdrawal symptoms. The intervention included motivational counselling, together with a brief interview about alcohol intake (all together, about 30 minutes), every week. Project sta , who had undergone a two-day training course, were available for participants by phone in the daytime. All participants received B vitamins and thiamine.
In Tønnesen 1999a, investigators provided the intervention to attain four weeks of preoperative support with disulfiram (800 mg), taken under supervision twice weekly until the week before surgery. They handed out prophylactic chlordiazepoxide according to the Danish guidelines for preventing withdrawal symptoms (Mundt 2003). All participants were given B vitamins. The intervention consisted of preoperative cessation from alcohol, motivational counselling, and an interview about alcohol intake.
In Tønnesen 2002, study authors provided the intervention to achieve three months of preoperative alcohol cessation (median 84 days, range 26 to 112 days) supported by disulfiram 800 mg/ week -400 mg taken under supervision, and 400 mg without supervision. They offered chlordiazepoxide for withdrawal symptoms. The intervention included motivational counselling, together with a brief interview about alcohol intake (all together about 30 minutes), every week. Project sta were available for participants by phone in the daytime. All participants received B vitamins.
The intensive alcohol interventions in this review are similar to the intensive interventions developed for smokers (Fiore 2008; Rasmussen 2016). These intensive alcohol interventions comprised four or more meetings lasting at least 10 minutes each and pharmacological strategies for alcohol withdrawal and relapse prophylaxis. Brief interventions often consisted of a single session, fewer than four sessions of engagement with the participant, and provision of information and advice designed to achieve a reduction in smoking or alcohol consumption.
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Outcomes
All three included studies reported postoperative complications defined as death or postoperative morbidity requiring treatment. Researchers reported complications one month postoperatively in Tønnesen 1999a and Tønnesen 2002, and at six weeks after surgery in Egholm 2017.
Researchers also reported mortality and length of stay (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) , as well as the number of successful quitters and postoperative alcohol consumption. The three studies also reported alcohol consumption at the time of surgery. Alcohol consumption was self-reported as AU/d. Two studies validated self-reported alcohol consumption by per cent carbohydrate-deficient transferrin (CDT%) (Egholm 2017; Tønnesen 2002) .
Two studies reported postoperative alcohol consumption after four weeks (Tønnesen 1999a; Tønnesen 2002) . The third study reported postoperative alcohol consumption weekly over the first six weeks after surgery (Egholm 2017).
Excluded studies
We excluded 23 studies.
Four of the 23 excluded studies were reviews of articles -not primary research articles (Bejou 2000; Chiang 1995; Soria 1981; Vagts 2002) . One was a controlled clinical trial (Shourie 2006) , one a case control study (Kaka 2017) , and one a validation study (Watson 1999) . We excluded 10 studies because not all participants underwent surgery (Antti-Poika 1988; Forsberg 2000; Gentilello 1999; Heather 1996; Holloway 2007; Schermer 2006; Shepard 2016; Shetty 2011; Smith 2003; Sommers 2006) , and six studies because they did not include an appropriate intervention (Avram 2009; Batioglu-Karaaltin 2017; Schoenfeld 2007; Spies 1995; Spies 1996; Spies 2006) .
We have summarized the reasons for exclusion of these possibly relevant studies in the Characteristics of excluded studies section.
Studies awaiting classification
We identified no studies awaiting classification.
Ongoing studies
We identified one ongoing study (NCT02188446). For details of this study, please see the Characteristics of ongoing studies table.
Risk of bias in included studies
We have provided details of how and why we rated study quality for included studies in the Characteristics of included studies section. Figure 2 provides a summary of overall risk of bias in the three studies judged as high, low, or unclear. Figure 3 provides details of judgements about each risk of bias domain for each study. Cochrane Database of Systematic Reviews Figure 3 . Methodological quality summary: review authors' judgements about each methodological quality item for each included study.
Allocation
We deemed sequence generation for randomization to be adequate in all three included studies, as all used a computer-generated code, o -site data management, and opaque sealed envelopes (Egholm 2017; Tønnesen 1999a; Tønnesen 2002). All three studies used block randomization, and two applied stratification for each centre, as they were multi-centre studies (Egholm 2017; Tønnesen 1999a). Therefore, we considered all three studies to have low risk of selection bias.
Blinding
Due to the nature of the interventions, it was not possible to blind participants or sta who provided the interventions. Egholm 2017 performed both the assessment and the statistical analysis while blinded. In Tønnesen 1999a and Tønnesen 2002, those performing the primary outcomes assessment were not blinded. Risk of detection bias based on blinding of outcome assessors in these studies was low in Egholm 2017 and unclear in Tønnesen 1999a and Tønnesen 2002.
Incomplete outcome data
All three studies assessed incomplete data (Egholm 2017; Tønnesen 1999a; Tønnesen 2002).
Egholm 2017 scheduled all participants for acute surgery before they where randomized. However, two participants did not undergo surgery and were excluded. In the remaining two studies, authors reported including participants before the final decision about surgery was made, and excluding participants after randomization if they fulfilled the exclusion criteria later in the preoperative period (Tønnesen 1999a; Tønnesen 2002) .
For all three studies, it was possible to follow each participant in the medical record system, and these studies showed no or very minor disparity between the number of participants randomized and the Cochrane Database of Systematic Reviews number analysed. Therefore, we determined that a low risk of bias judgement was appropriate for this domain for Egholm 2017 and Tønnesen 1999a. Although participants were excluded according to exclusion criteria, attrition rates were very high in Tønnesen 2002; therefore the judgement of unclear risk of bias was appropriate.
Selective reporting
Risk of reporting bias was low in one study (Egholm 2017), for which we had access to all original data and the protocol had been published. We considered the remaining two studies to have an unclear reporting bias because it was unclear if these trials reported all assessed outcomes (Tønnesen 1999a; Tønnesen 2002) . Under-reporting of alcohol consumption may explain this problem in part and may contribute to the low inclusion rate. General reluctance among sta to address patients' alcohol use may have added to the problem. In addition, many patients declined to participate in these studies.
Other potential sources of bias
There is a risk that included patients were more motivated to quit alcohol intake than patients who for one reason or another were not included. This may have led to overestimation of quit rates in these studies. Therefore, we considered this domain to be atunclear risk of bias. Only 48 of these patients were eligible for inclusion according to their alcohol intake; 20 were not included (11 patients were not operated, three did not want to participate, and six were missed), leaving 28 trial participants for randomization. Tønnesen 1999a appeared to have similar problems with recruitment, as it took two and a half years for researchers to recruit 42 participants.
E ects of interventions
Primary outcomes
Any type of postoperative complication (e.g. woundrelated complication, secondary surgery, cardiopulmonary complication, admission to intensive care) defined by the need for treatment
All three included studies reported postoperative complications requiring treatment categorized as major and minor complications (Egholm 2017; Tønnesen 1999a; Tønnesen 2002 Of 61 participants, 20 in the intervention groups had complications compared with 33 of 61 in the control groups (RR 0.62, 95% CI 0.40 to 0.96; P = 0.03; Analysis 1.1; Figure 4 ). Review authors noted clinical differences between the three studies -regarding both outcome measurements and intensity of the interventions. The alcohol cessation programmes were intensive and included pharmacological therapy. Due to the small number of trial participants, we downgraded the overall quality of the evidence for this outcome from high to moderate. 
Perioperative alcohol cessation intervention for postoperative complications (Review)
In-hospital and 30-day postoperative mortality
Overall mortality was low in the three studies (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) . The total number of deaths was four among 122 participants, and results show no significant differences in mortality between intervention groups (one death out of 61 participants in intervention groups, and three deaths out of 61 partici-pants in control groups; RR 0.47, 95% CI 0.07 to 2.96; P = 0.42; Analysis 1.2; Figure 5 ). We downgraded the overall quality of evidence for this outcome by two levels (i.e. from high to low) because of the small numbers of participants and events reported, as well as the risk of non-generalizability between populations of interest and those who participated in these studies; we found that data were insufficient to address effects of interventions on mortality. 
Secondary outcomes
Successful quitters (number of abstainers) at the end of the programme
In the three included studies, intervention groups received an intensive alcohol cessation programme aimed at complete alcohol cessation in the perioperative period (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) . Results show a significant effect in all three studies regarding successful quitters at the end of the programme. In total, 140 participants were included in the meta-analysis according to intention-to-treat analysis. Three participants were ex-cluded and therefore were counted as non-quitters. Forty-one of 70 participants in the intervention groups successfully quit drinking compared with only five of 70 participants in the control groups (RR 8.22, 95% CI 1.67 to 40.44; P = 0.01). We downgraded the quality of evidence by one level due to large imprecision. We did not downgrade for indirectness. We did consider the possibility of higher motivation among participants compared to the entire sample of risky alcohol drinkers for whom this evidence should apply, but high motivation level was not an inclusion criterion, and the very low quit rates in the three control groups talked against a motivational level that could influence alcohol outcomes. We did not downgrade Cochrane Database of Systematic Reviews successful quitting for heterogeneity, as all studies provided results favouring the intervention (Analysis 1.3; Figure 6 ). The small num-bers of participants and especially events increased the width of the 95% confidence interval. Tønnesen 1999a reported that all participants in the intervention group completed the withdrawal programme with total abstinence from alcohol, including the two participants who did not undergo surgery. In the control group, participants did not reduce their alcohol consumption (quitters at four weeks: 14 of 20 participants vs none of 22; RR 31.76, 95% CI 2.02 to 500.04).
In Tønnesen 2002 at the end of the programme after three months, nine of 15 participants in the intervention group were abstainers versus none of 13 in the control group (RR 16.63, 95% CI 1.06 to 260.55).
Postoperative alcohol consumption (grams of alcohol/week) at the end of the programme
At the time of inclusion, median alcohol consumption in Egholm 2017 was 420 grams, ranging from 108 to 1272 grams per week in the intervention group, and 372 grams, ranging from 24 to 1368 grams in the control group. At the end of the programme, the control group had reduced alcohol consumption to 252 grams per week (0 to 864 grams) compared with 0 grams per week (0 to 512 grams) in the intervention group.
In Tønnesen 1999a, the corresponding alcohol intake was 84 grams, ranging from 60 to 480 grams per day, in the intervention group; and 72 grams, ranging from 60 to 480 grams per day, in the control group. At the end of the programme, alcohol consumption was 0 grams, ranging from 0 to 0 grams per day; and 72 grams, ranging from 60 to 480 grams per day, respectively.
In Tønnesen 2002, alcohol consumption at inclusion was 72 grams, ranging from 60 to 156 grams per day, in the intervention group; and 72 grams, ranging from 60 to 96 grams per day, in the control group. At the end of the programme, alcohol consumption was 24 grams per day and 60 grams per day, respectively.
All three studies reported alcohol consumption as median and range values; therefore it was not possible to estimate the mean and the SD, and we performed no meta-analysis.
Length of hospital stay
All three included studies reported length of hospital stay. None of these studies showed a significant difference. Egholm 2017 reported five days of hospitalization, ranging from two to 28 days, in the intervention group; and five days, ranging from two to 33 days, in the control group. Tønnesen 1999a presented a hospital stay of eight days (three to 41 days) versus 10 days (four to 46 days), respectively. Tønnesen 2002 reported hospital stay of 14 days (nine to 31 days) versus 16 days (nine to 23 days), respectively. Studies reported only median and range values for length of stay; therefore it was not possible to perform a meta-analysis. term (three-, six-, nine-, and 12-month follow-up) None of the included three studies reported this outcome (Egholm 2017; Tønnesen 1999a; Tønnesen 2002).
Prevalence of participants without risky drinking in the longer
D I S C U S S I O N
Summary of main results
This systematic review assessed the efficacy of preoperative and perioperative alcohol cessation interventions for postoperative complications and alcohol consumption. Evidence from the three included studies, including 140 participants contributing data to measured outcomes, shows that intensive alcohol cessation intervention given for four to eight weeks reduced the number of participants with postoperative complications, increased the number successfully quitting, and reduced postoperative alcohol consumption after the intervention. Data were insufficient to show the effect on mortality or hospital stay. No studies addressed the prevalence of risky drinking in the longer term.
Studies included participants undergoing ankle fracture surgery, hip replacement therapy, or colorectal resection and addressed only intensive interventions. In general, the World Health Organization (WHO) recommends shorter interventions but has not evaluated these interventions in randomized controlled trials (RCTs) with surgical outcomes (WHO 2010). One excluded study had investigated shorter interventions but not in a randomized setting and found no effect on complications after surgery (Shourie 2006). We have summarized the principal findings of this review in Summary of findings for the main comparison. 
Perioperative alcohol cessation intervention for postoperative complications (Review)
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Overall completeness and applicability of evidence
Study participants
The three included studies used different methods to identify risky drinkers (quantity times frequency). Two of the three studies identified daily alcohol consumption (Tønnesen 1999a; Tønnesen 2002) . The third study addressed weekly alcohol consumption (Egholm 2017). Only two of these studies included both sexes (Egholm 2017; Tønnesen 1999a); however the number of women included in these studies was low, which could be explained in part by the fact that the inclusion criteria for risky drinking were the same for both men and women, and men often have a higher alcohol intake than women. Another possible explanation is that risky drinking may be more taboo in women than in men.
As mentioned under Description of the condition, unhealthy alcohol intake ranges from an intake just above national alcohol limits to complicated addiction. This is also reflected in surgical studies. Although all included studies presented inclusion criteria that were based on the amount of alcohol intake, they used different criteria to diagnose addictive symptoms observed in patient characteristics. Egholm 2017 used criteria of the International Classification of Diseases and Related Health Problems, Tenth Edition (ICD-10), and identified addiction in one-third of the study population. Tønnesen 2002 used the CAGE test with a maximum of four points, and above two points indicating alcoholism. Participant scores ranged from 0 to 3 points, but researchers did not reveal the frequency of positive test findings. Tønnesen 1999a focused only on alcohol intake, which consisted of more than 60 grams of ethanol per day. This could be considered a study limitation; study authors have found that surgical complications are related to the amount of intake but have not yet proved that they are related to the level and symptoms of abuse.
Interventions
The three studies included in this review compared intervention versus control, which study authors defined as treatment as usual.
Researchers offered intervention groups high-intensity interventions including weekly sessions and pharmacological support for four to eight weeks. We found no RCTs that reported the effects of brief alcohol intervention on postoperative complications.
Types of outcomes
All three included studies evaluated the two primary outcomes: any type of postoperative complication, and in-hospital and 30-day postoperative mortality. All three studies evaluated three of the secondary outcomes in similar ways. We identified no studies that evaluated the number of participants without risky drinking in the longer term (three-, six-, nine-, and 12-month follow-up).
The pharmaceuticals used in the intervention programme may cause severe side effects, which are however rare (e.g. disulfiram treatment may be followed by hypersensitivity, psychosis, and optic neuritis and even fulminant necrosis of liver cells, whereas diazepam/chlordiazepoxide may be followed by respiratory depression and psychosis). Study authors did not encounter these adverse events or other adverse events related to the intervention.
Length of follow-up
The postoperative period for recording complications after surgery lasted four to six weeks. Researchers reported postoperative alco-hol intake at the end of the intervention programme. No studies evaluated the long-term effect of interventions on risky alcohol intake.
Completeness and applicability of evidence
All three included studies were conducted in Denmark, and study findings were published in English. Thus, applicability of the evidence may be limited to the Danish healthcare system. Most participants were men, and study results may not apply to women. The included participants may have been selected according to motivational readiness to change alcohol habits; therefore the effect may be overestimated. This would be the case for both intervention and control groups -and thus would not influence differences between groups.
How do trial results fit into the context of current practice
In most countries, alcohol consumption is not a routine part of a medical record. Alcohol intake may be surrounded by taboo and silence. A few countries, including Denmark, record alcohol history in about 80% to 90% of medical records (Tønnesen 2008). Recently, social alcohol drinking has been included as a risk factor in the preoperative evaluation score from 1 to 5 used by the American Society of Anesthesiologists (ASA) worldwide (ASA 2014). Now, the score of 1 indicating the lowest risk at surgery requires "no or minimal alcohol use", score 2 is exemplified by "social alcohol drinker", and alcohol abuse/addiction is placed as score 3, in line with poorly controlled diabetes mellitus and chronic obstructive pulmonary disease.
In Sweden, the Swedish Society of Orthopaedics has decided to recommend preoperative alcohol cessation interventions for risky drinkers admitted for surgery (SOF 2017) . The Danish National Board of Health has developed national guidelines and patient folders aimed at reducing risk by quitting risky alcohol intake before surgery (Danish Health Authority 2017). This information is handed out to all patients admitted to surgical departments as part of the clinical routine. Due to these major differences in current international practice, generalization of results could present a challenge -regarding both the well-known implementation scope and the required change in clinical culture (Nolan 2017).
Quality of the evidence
We used the GRADE system to rate the quality of outcomes included in Summary of findings for the main comparison. Ratings ranged from moderate for the outcomes of postoperative complications and successful quitting to low for the outcome of mortality.
The overall relatively small sample size presents a challenge. Conclusions based on such small numbers must be reached cautiously. Compliance with abstinence from alcohol was very high. However, the occurrence of successful quitting may be due to the low inclusion rate, introducing high risk of recruitment bias and overrepresentation of patients with high motivation for quitting, thus representing the "tip of the iceberg". The sparse data and the small numbers of events may render trial results fragile. Consequently, we downgraded the quality of evidence by one level due to risk of imprecision, and we downgraded the quality of evidence on mortality outcomes by one level due to risk of indirectness. Cochrane Database of Systematic Reviews cations. This seems overruled by the increased complication rate across surgeries in high-risk patients with a risky alcohol intake. Therefore we did not downgrade the quality of evidence for inconsistency in effect size.
Inclusion
Our search for relevant studies was thorough and included searches of relevant electronic databases and clinical trials registers and checking of reference lists in included studies. We cannot entirely exclude the possibility of publication bias, but we decided not to downgrade the quality of evidence due to publication bias.
Potential biases in the review process
One strength of the review process is that it involved a substantial search of electronic databases including clinical trials registries and manual searching of reference lists. In addition, three review authors (JE, HT, and JA) independently screened all titles and abstracts included in the search results. CBJ and JE independently collected and extracted data, assessed risk of bias, and rated the quality of evidence according to the GRADE system. We resolved disagreements by discussion and consensus. In addition, CBJ and JE entered all relevant data into Review Manager (Review Manager 2014), and BP performed double entry of the data. This review has limitations; updates have been made regarding secondary outcomes and related analysis of data, which was not predefined in the original protocol (Oppedal 2010) , but this decision was made before extraction of data and analysis for this review. As originally advised by the Cochrane Anaesthesia Review Group, we maintained exclusion of controlled clinical trials (CCTs) (Oppedal 2012) . All review authors discussed the challenges encountered during the review process.
One of the co-authors (HT) of this review has authored all three of the studies included in this review (Egholm 2017; Tønnesen 1999a; Tønnesen 2002) . Four review authors (JE, HT, BP, and JA) authored one study (Egholm 2017) . We have declared this information in the Declarations of interest section. To avoid potential bias, CBJ assessed the congruence of trials with inclusion criteria of the review (Appendix 6). In cases of disagreement, we would have contacted another review author (AMM) for discussion. However, we encountered no disagreements. It could be considered a limitation that two of the included studies have not been published (Egholm 2017; Tønnesen 2002); on the other hand, study data were fully accessible to review authors.
Agreements and disagreements with other studies or reviews
Several reviews on this topic have been published. Some of them are not systematic reviews (e.g. Breuer 2003), and others do not include RCTs (Tønnesen 1992c; Vagts 2003) . Two other systematic reviews reported on very different interventions, such as alcohol cessation intervention and alcohol infusion in the same metaanalysis, and included only certain types of postoperative complications: non-surgical site infections (e.g. pneumonia, sepsis) and mortality (Shabanzadeh 2014; Shabanzadeh 2015) . One of these studies identified a significant risk reduction regarding infections but not mortality, in spite of combining alcohol cessation interventions with alcohol infusion (Shabanzadeh 2015). Shabanzadeh 2014 included only two types of complications (surgical site infection and anastomotic leakage) and observed no differences in the meta-analysis of mixed interventions.
None of the previous systematic reviews included all three of the studies included in our review. Four of these reviews -Breuer 2003, Shabanzadeh 2014, Shabanzadeh 2015, and Tønnesen 1992c -included only one of the RCTs included here (Tønnesen 1999a). Two systematic reviews also included Tønnesen 2002 in their reviews, which had a strong focus on the pathophysiology of alcohol-induced organ dysfunction and recovery during abstinence from alcohol (Tønnesen 2009; Wåhlin 2014) . Three reviews reached similar conclusions to those reported in our review, but they included fewer studies (Breuer 2003; Tønnesen 2009; Wåhlin 2014) .
It is difficult to draw a direct comparison between some of the previous reviews and our current review because of differences in types of interventions and outcome parameters.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Although there is wide agreement that high alcohol intake is a risk factor at surgery, only moderate-quality evidence shows that intensive alcohol cessation interventions in the perioperative period reduce postoperative complications (e.g. wound-related complications, secondary surgery, cardiopulmonary complications, admission to intensive care) as defined by the need for treatment.
The estimated effect could be of practical importance for patients undergoing surgery, for healthcare providers, and for society at large because complications are often followed by pain and discomfort, prolonged recovery, and increased costs. Because only a few small studies are available, no firm conclusions regarding clinical practice can be drawn. However, given that alcohol-induced complications are severe and can be life-threatening, side effects of the interventions are few, and the pathophysiology of surgical relevance is improved during the intensive intervention, this approach could be considered in clinical practice.
Moderate-quality evidence shows that an intensive alcohol cessation intervention increases successful quitting (number of abstainers) at the end of the programme. Furthermore, data are insufficient to show effects on mortality.
We do not have sufficient evidence to determine if there are any differences in effect of intervention on length of stay or postoperative alcohol consumption (grams of alcohol/week) at the end of the programme because study authors did not report results as applicable for our evaluation. However, all studies noted significant reductions in alcohol consumption, which may be an implication for practice despite lack of overall evidence.
None of the included studies evaluated the prevalence of participants without risky drinking in the longer term (three-, six-, nine-, and 12-month follow-up); therefore we are not able to determine effects on this outcome. Once published and assessed, the one 'ongoing' study identified may alter the conclusions of this review. Cochrane Database of Systematic Reviews
Implications for research
Types of outcomes
We identified no studies that reported on long-term outcomes. It is highly relevant to evaluate whether perioperative alcohol cessation interventions have an impact on long-term health similar to that reported with the perioperative smoking cessation programme (Thomsen 2014).
It would be preferable if future studies would report outcomes that can be included in meta-analyses. We were not able to evaluate the body of evidence for length of stay and alcohol consumption at the end of the programme because investigators reported the two outcomes only as median and range values.
Sizable study populations
As described under Quality of the evidence, the included studies were small and reported few events of mortality. Therefore, we need larger RCTs powered to detect effects on mortality. Strong research competencies are necessary for future studies, as recruitment to these studies seems to be difficult, reflecting mainly on recruitment of participants in all three studies. Furthermore, only one of the three included studies has been published (Tønnesen 1999a).
It is interesting to note that compliance of participants was high in all three studies. It also would be relevant to investigate effects of these interventions among patient groups in other countries and research groups, such as those undergoing head and neck surgery, lung resection, or bladder cancer operations.
Interventions
More information is needed to clarify the most beneficial intervention programmes, including duration of abstinence from alcohol and possible effects of reducing alcohol consumption.
New research should target several lifestyle risk factors because many patients have other risk factors in addition to risky alcohol drinking. Costs of postoperative complications are high for patients undergoing surgery and for society; therefore it is relevant to perform regular cost-effectiveness analyses in line with value-based principles of priority.
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